A prevalence survey of coronary heart disease (CHD) was carried out in a north Indian town involving a house-to-house clinical and electrocardiographic examination of all the 2,030 persons above the age of 30 years residing in the area. The sample is considered adequate and representative of urban population of northern India. The diagnosis of CHD was based on history of myocardial infarction or angina pectoris and electrocardiographic abnormalities according to criteria used by Epstein and associates.L The prevalence rates of CHD for men and women were similar to those found in Tecumseh.' The prevalence of CHD increased with age, with socio-economic status, with the sedentary nature of occupation, and in hypertensives. Those with CHD were more obese than others, and the prevalence showed a positive correlation with subscapular skinfold thickness in men. Sixty-two per cent of the men and 88% of the women had clinically silent CHD. No comparable published data on prevalence of CHD in the general population in India is available.
FEW PREVALENCE studies have been made of coronary heart disease in India. The results of such a study are presented in which all persons above the age of 30 years, living in an area considered to be representative of the general population of the town at large, were examined clinically and electrocardiographically, in a house-to-house canvass.
Methods

Selection of Sample
This study was carried out in Chandigarh, the present capital of the states of Punjab and Haryana in northern India, with a population of about 100,000, 62% of which, according to the 1961 census, are males. The town is divided into a number of self-sufficient units of 2 30, 000 . It was decided to examine 2,000 persons above the age of 30 years. Two sectors were selected for the purpose, Sector 16 which houses a large number of public servants belonging to the fixed salaried class and Sector 22 which is the oldest inhabited sector and is densely populated with persons engaged mostly in business.
Except for two women who refused to cooperate with the present study, the entire population above the age of 30 years consisting of 845 men and 480 women was covered in Sector 16, and then the study was extended to Sector 22 where not a single person refused examination. In this sector also, with a population of the relevant age groups of over 3,000, contiguous households and shops were examined starting with the shopping area. The male predominance of the shop workers is reflected by the 73% of the sample of 705 subjects from this sector being males. The study was stopped when the originally contemplated number of 2,000 was exceeded by 30 . Procedures A trained social worker who had established good rapport with the local population visited each house, interviewed the family, explained the purpose of the survey as well as collected information about the number of persons and their ages, work, diet, habits with regard to smoking and physical activity, and history suggestive of coronary artery disease or hypertension in the individual members of the family.
The next day, a doctor (S. G. S.), and the social worker visited the family and the history was supplemented by a clinical examination and resting 13-lead electrocardiograms (including lead 3R) were recorded of all the family members above the age of 30 years. Resting casual blood pressure in the right arm was recorded when the subject was reclining and the skinfold thickness was measured in the left subscapular, triceps, and suprailiac regions with a Harpenden skinfold cali-per3 to estimate the body fat.
Economic Status
The economic status of the subjects was graded according to the income in rupees (1 U. S. dollar equals 7.50 rupees) per capita per year keeping in mind the present high cost of living in India.
Those with income of 400 rupees or less per capita per year were graded as being in the "low income group," those with 401 to 1,200 rupees, as "low middle class," those with 1,201 to 2,400 rupees, as "high middle class" and those with income exceeding 2,400 rupees per capita per year, as "the high income group." The economic status of a woman was considered the same as that of her husband except when she had an independent job or source of income.
Physical Activity
The subjects were also graded according to their activity status connected with their job or otherwise into sedentary, light, medium, and heavy workers. Office and desk workers came under the sedentary group while manual laborers, carpenters, and masons were grouped as having "heavy" activity. Teachers, messengers, and peons were included as "light" workers while factory workers, petty shopkeepers, and hawkers constituted the "medium" activity group. In each case physical activity at work and outside was gone into in some detail. Household work qualified for sedentary, light, or medium categories according to the number of children, family income, and availability of home help or servants to the housewife.
Blood Pressure
Blood pressure was graded according to the recommendations of the American Heart Associa-tion (Princeton Conference, 1959) into normotensive (systolic blood pressure below 140 mm Hg and diastolic blood pressure below 90 mm Hg), hypertensive (systolic blood pressure of 160 mm Hg or over, or diastolic blood pressure of 95 mm Hg or over), and borderline hypertensive.
Electrocardiograms and Prevalence Criteria
Electrocardiograms were recorded with a direct-writing single-channel instrument and analyzed and classified according to the Minnesota Code4 including the procedural modifications suggested by the International Society of Cardiology Research Committee in 1963.5 All the tracings were analyzed by the two workers independently and reviewed jointly in case of difference of opinion without the knowledge of the age, sex, history, or result of the clinical examination of the subject as advocated by Blackburn V2 and V3), Isolated S-T depression or flat T waves were ignored. Electrocardiographic evidence was further supplemented with the history of angina pectoris or myocardial infarction, where present, as recorded by one of the authors (S. G. S.). Those with "probable" CHD were referred to the cardiac clinic where all those who reported were examined by the senior author (J. N. B.) independently. Table 1 shows the age and sex distribution of the population studied and table 2 its grouping according to the economic status. Men outnumbered women in the ratio of 2 to 1 and this proportion was maintained except in the group above 70 years of age in which there were only 32 men and 28 women. The low middle income group was the largest single group and along with the low income group composed 58% of the population studied. Table 3 designed on the lines of a similar table by Epstein and associates' is the master table and shows the number of men and women with "probable" and "suspect" coronary artery disease according to their criteria. The first column in each age group gives the number of subjects with pathological Q waves (Minn. code categories I1 and I2). In the four age groups 30.1 to 40 years, 40.1 to 50 years, 50.1 to 60 years, and 60.1 years and above, numbers of men in Minn. code category I, were 2, 4, 2, and 6, respectively, while among the women, the one with I, or 12 was in the highest age group. This table also shows the number of subjects in each age and sex group who would be estimated to have "probable" and "possible" coronary heart disease if the criteria as laid down by Higgins and associates6 were adopted including in addition the cases that were diagnosed on the basis of a definite history of angina pectoris or myocardial infarction alone as by Epstein and associates. ' The prevalence of coronary heart disease was calculated in relation to different age groups for both the probable and the suspect groups in each sex and is shown in table 4.
Results
Eighty-nine men and 45 women were diagnosed as having probable coronary disease. This gives prevalence rates of 65.4 and 67.2 per thousand in men and women above the age of 30 years, respectively. If those cases are excluded in which the diagnosis is based only on T inversion in leads V, through V4 (vide infra), the corrected rates for women in the 30.1-to 40-year and 40.1-to 50-year age groups come to be 30.2 and 32.4 per thousand, respectively. In the suspect group, there were 53 men and 77 women giving prevalence rates of 38.8 and 115.1 per thousand, respectively. We do not consider this high prevalence of borderline electrocardiographic changes in women to be due to CHD (vide infra). The highest prevalence rates for probable cases were in the age group of 70 years and above in both sexes. In men there was increase in the prevalence of coronary heart disease with each decade and the differences between the consecutive age groups were statistically significant (P < 0.05). In women, too, there was a gradual increase from age 30 onward, but the increase in prevalence in each decade was less and not statistically significant (P > 0.05) from one decade to the following decade. Probable coronary disease class I (that is, patients having unequivocal electrocardiographic changes) was least prevalent among women in the age group of 30 to 40 years. Table 5 compares the prevalence in the different age-sex groups according to the sets of criteria mentioned earlier by Epstein and associates' and Higgins and associates.6 It is clear that the combined prevalence rate of probable and possible cases according to the criteria of Higgins and associates6 is fairly close to the prevalence of probable cases according to criteria of Epstein and associates.' Table 6 gives the prevalence of probable cases of coronary heart disease (Epstein and associates') in different age and sex groups if each group is subdivided into those with normal blood pressure, that is, below 140/90 mm Hg, and those with hypertension including borderline hypertension. In both sexes and in all age groups, the prevalence rate of coronary heart disease was higher in the hypertensive group and in men the differences were highly significant (P < 0.01).
None of the women smoked, and there were only 346 smokers among the men, 206 of whom were in the age group of 30.1 to 40 years. One hundred ninety-five men smoked fewer than 10 cigarettes a day, 77, 10 to 20, and 74, more than 20 a day. There was no significant difference in the prevalence of coronary heart disease among smokers and nonsmokers here, but the number of heavy smokers was too small to permit valid conclusions. Table 7 and the histogram (fig. 1) show an increase in the prevalence of coronary heart disease in men and women with increase in economic status. The difference in prevalence among men from the low and the low middle income groups was highly significant (P < 0.01) and from the high and low income groups was very highly significant (P < 0.001). The difference in prevalence of CHD between middle and low income groups is not marked. The same trend is visible when this is considered in relation to different age groups. In each 10-year age group, except in the 30.1to 40-year income group have the highest and those in the lowest income group have the lowest prevalence of CHD. However, the differences between the various income groups among women did not reach statistical significance. The groups become too small for any valid conclusions when further subdivided according to age. Table 8 shows the prevalence of coronary heart disease in men and women divided into various groups according to their physical activity and the nature of their work. Among both men and women, there was a progressive increase in the prevalence of CHD with decrease in the severity of physical work. There was no case of coronary heart disease among heavy manual workers. The differences in the prevalence between groups with various degrees of physical activity in men and among women considered light and sedentary workers were statistically significant.
Estimation of body fat from the skinfold thickness was done by applying Grande's formula and the method of Pascale and associates.7 Table 9 shows the 50th percentile of fat content of the body as percentage of body weight in those without coronary heart disease and in those with probable coronary heart disease in each age and sex group. In each age group except in those above 70 years of age males with coronary heart disease had greater fat content than those without. In women too, those with coronary heart disease were more obese than those without coronary heart disease in the age groups of 40 to 60 years.
When thickness of triceps and subscapular skinfolds were considered separately, a statistically significant correlation was found between the subscapular skinfold thickness and the prevalence of coronary heart disease in men in the age groups between 30 
Discussion
Most of the studies in India on the prevalence of coronary heart disease (CHD) have been based on hospital admissions and adjudged on the basis of the proportion of CHD cases among the cardiac cases. This proportion varies from 10 to 15% in most general hospitals.8-'5 Some of the workers'6 17 who included their private clinic cases derived from higher income groups have a larger proportion of cases with CHD and have given higher figures. Some recent studies'8 19, 20 have given higher figures from hospital population even, and workers who have tried to compare the proportion of these cases over the years12' 19 have found an increase in recent years. But any estimate of this nature has many inherent defects which come in the way of its comparability.
The proportion that CHD cases among all the cardiac cases admitted to a hospital will depend on the number of cases of CHD as well as the number of cases of other cardiac diseases, mainly rheumatic heart disease and chronic cor pulmonale. Increase in the number of cases due to causes other than CHD such as rheumatic heart disease, cor pulmonale, or congenital heart disease will diminish the proportion that CHD cases will form of the whole even without any diminution in their absolute numbers. Inclusion of younger age groups and women will increase the proportion of rheumatic and congenital heart disease cases, whereas a hospital in a high income group area will draw more cases of CHD.
Apart from this, the hospital figures are particularly defective in the case of CHD in which, even after excluding cases of angina pectoris, 46% of the patients with CHD are not admitted to hospitals according to the Framingham study2' and a considerable proportion have silent infarctions discovered only by electrocardiogram.
Circulation, Volumne XXXVII, June 1968 Other Studies in India
There have been few studies of prevalence of CHD in India. An attempt on what the authors22 called "a sample field survey" was made at Patiala, a neighboring town. In it, 489 persons were examined. The subjects were drawn from a few special groups such as the military (43), jail convicts (118), town dwellers (291), and village dwellers (37) "who agreed to a thorough examination." The numbers in each subgroup were small, and the results were vitiated by self-selection of the subjects. No data were given on how many were nonresponders. Another study23 at Delhi consisted not of the general population but of selected special socio-economic groups. Collections of special groups of the population cannot be a substitute for general population studies in finding the prevalence of a disease. 24 Furthermore, there was a self-selection as "the fear of needle prick and unwillingness to give blood for examination kept back many persons and only certain individuals from the rural and industrial low income groups were willing to give blood."23 Last of all, a majority of the subjects in all the special groups were below the age period in which coronary atherosclerosis usually becomes manifest clinically or electrocardiographically. It is not surprising that the authors found a low prevalence of coronary heart disease in their study. Similar deficiency attaches to another survey25 made in and around Agra of 901 volunteers "who were willing to give blood for lipid studies and in whom electrocardiograms could be done" from among the total sample of 2,050 subjects.
Locale, Selection, and Diagnosis in Present Study
The present study has been conducted in Chandigarh. The town itself is only 15 years old, but the population is derived from that As in other towns in Punjab, where males form 54 to 58% of the population, males predominate in numbers here. Their numbers are further inflated in this capital city by those government servants of lower categories and workers who are unable to bring their families because of lack of suitable accommodation.
Each of the sectors in the town is a selfcontained unit and here the total population above the age of 30 years resident in one sector and part of another sector was included in the survey. The sectors chosen were adjudged to be representative of the general population of Chandigarh socio-economically, occupationally, and culturally. The sample surveyed was more than one fifteenth of the total expected population in this age group in the town. The response was almost 100%; there were only two nonresponders, both women. This sample of 2,030 persons is con-sidered adequate and may be taken as representative of urban population of northern India in general.
The alternative of a random selection of the sample spread over the whole town was not adopted as the cooperation was less likely to be complete and that would have vitiated the results of the study. Any considerable number of nonresponders would have made the results undependable.
The numerical dominance of the males in the town was further accentuated in the sample because of disproportionate increase in males from the sample in Sector 22 shopping area but, since the prevalence of CHD was estimated separately in both sexes, it does not vitiate the conclusions. Higgins and associates6 have discussed the limitations of a study of the prevalence of CHD when no single item can be taken as the The prevalence of coronary heart disease was estimated on the basis of both a history of myocardial infarction or angina pectoris, as elicited by one of the authors (S.G.S.), and electrocardiographic abnormalities in the resting electrocardiogram according to the criteria used by Higgins and associates6 at Rhondda Fach and Framingham and by Epstein and associates' at Tecumseh. Epstein and associates' divided their cases into "probable" and "suspect" cases of CHD. These "probable" cases consisted of those with Q, ST, or T abnormalities, complete heart block, left bundle-branch block, a definite history of angina pectoris or myocardial infarction with or without borderline electrocardiographic abnormalities. Higgins and associates6 also divided their cases into probable and possible cases. But their probable cases were those in which changes occurred in both the Q and T waves or gross changes occurred in the Q waves that is, the changes were of frank past-myocardial infarction. Their possible cases consisted of those with Q, T, and S-T changes singly (I2, Vl, V2, IV1, all included in the Tecumseh probable group) or mild S-T changes combined with T-wave changes. To make the results comparable in the two series, cases in which there was a history of myocardial infarction or angina pectoris have been included with those fulfilling Higgins and associates'6 electrocardio-Circulation, Volume XXXVII, June 1968 graphic criteria. In the present study, the results in terms of "probable cases" according to the criteria of Epstein and associates' are very close to the combined "probable" and "possible" cases according to the criteria laid down by Higgins and associates6 (table 5) . Table 10 compares the estimated prevalence of CHD in the present study with those of Epstein and associates' at Tecumseh (U.S.A.) and those estimated by Higgins and asso-ciates6 at Rhondda Fach in Wales and at Framingham.
In men over 30 years of age prevalence rate of CHD of 65 per thousand in the present study at Chandigarh is almost the same as in Tecumseh. The prevalence rate is higher in men between the ages of 60 to 69 years at Tecumseh than at Chandigarh and is much higher in Chandigarh in those who survive beyond 70 years.
In women, the prevalence of probable CHD is less than in men in the age groups 40 to 60 years. In the age groups 60 to 70 years it approaches close to that in men of the same age, and above 70 years the number of total subjects is too small to permit the apparent difference to be significant. Above 50 years of age in women, there is no significant difference in the prevalence between the two groups at Chandigarh and Tecumseh. But below 50 years, the difference in the prevalence according to similar criteria is significantly higher in Chandigarh women. In the age group, 30 to 40 years, the prevalence is much higher than in men even at Chandigarh which is very surprising in view of the comparative rarity of clinical coronary disease in women of this age group here as elsewhere.
The number of cases showing the pattern of frank myocardial infarction (Higgins and associates'6 probable cases) remains low in women till the age of 60 years when it rises high in the years following though it still remains less than in men.
The present workers feel that the figures of coronary heart disease in women up to age 50 years are inflated due to inclusion of subjects in whom the only abnormality is T inversion in leads V, to V4. For example, out of the 19 women with probable CHD in the 30.1to 40-year age group, 10 are included only due to a T inversion in these leads. This may be due to anemia in the child-bearing period or to the abnormal persistence of the juvenile pattern as in Negroes. 26 There is no information whether this persistence occurs in any part of our population and only follow-up studies or studies combining postmortem examination when possible in persons who were known to have such an electrocardiographic pattern during life will decide. If proved, this may also explain some of our higher prevalence figures in men below the age of 50 years.
If the 10 cases in which there was T-wave inversion in leads V, through V4 alone are excluded from the women in the third decade, the corrected prevalence rate for women in the age group comes to 30.2 per thousand. Similarly in the 40.1to 50-year age group there are three women whose diagnoses are based on T inversion alone (V2). If they are excluded, the correct prevalence rate in this age group falls to 32.4 per thousand and in all the women to 47.8 per thousand which is very close to the prevalence rate among women in Tecumseh. These considerations apply even more forcefully to the suspect group. The higher prevalence of "borderline electrocardiographic changes" in women forming the large suspect group is likely to be due to causes other than CHD such as anemia and hypertension. However, cardiomyopathy, as seen in various parts of Africa or as described in rural population in Jamaica,27 is uncommon here and is unlikely to account for any significant proportion of these cases. Unlike Jamaica, clinical and pathological CHD is fairly common in Punjab in men above 50 and women above 60 years of age.
On comparing the present results with those of the Framingham study, the prevalence among the 1,233 males in Chandigarh from 30.1 to 60 years of age comes to 54.3 per thousand according to the criteria of Higgins and associates6 which is much lower than in Framingham study males (96 per thousand) and the prevalence of 106 per thousand in slightly older males of Rhondda Fach valley (P < 0.01). The prevalence among males from 30 to 59 years of age in the Tecumseh study according to the slightly different criteria of Epstein and associates' is 42.6 per thousand. There is some pre-selection in both the Rhondda Fach valley miners and the Framingham study groups which do not represent general population with its diversity of physique, occupation, mental attitudes, and so forth. The miners of Rhondda valley are a pre-selected occupational group involving heavy labor and underground work while Framingham study at its inception had 31% nonresponders and also included many volunteers.28 This vitiated the random character of the group, and though it did not lower its utility for within-group comparisons, it diminished its usefulness for study of absolute prevalence and incidence of coronary heart disease.24 Furthermore, the results of a longitudinal study showing incidence of coronary heart disease over 10 years are not comparable with the results of a cross-sectional prevalence study such as this. It could have been compared to the findings in the Framingham study at the initial examination provided that the same criteria were applied to the diagnosis of CHD and that the 31% nonresponders in the original randomized sample did not exist. In any case, the increasing prevalence of CHD precludes any useful comparison of the results of two studies 16 years apart. Epstein and associates' group is the only comparable group, and it is interesting to find that the urban population of Chandigarh showed in both males and females, on identical criteria, the same prevalence of CHD as in Tecumseh, U.S.A.
The peak prevalence of CHD was in the age group of 70 years and above in both the sexes in the present study while the peak is reached in the age group 50 to 60 years in European and American populations.294' The increased prevalence in the group above 60 years of age is chiefly in the high income group (fig. 1, table 7) though the small numbers in this group (24) detract from its validity. The falloff in this trend in the poorer Circulation, Volume XXXVII, June 1968 sections may be due to the higher mortality in the low and low middle class income groups and loss on development of CHD. Economic 
Status
The fact that the maximum number of persons fell in the low middle income group (Rs. 401-1200 per capita per year) reflects the dominance of this group in our urban society. But it is possible that the declared income may be lower than the real income in the case of businessmen. There was a progressive increase in the prevalence rate of CHD from low income group to high income group, and the difference in prevalence rates among men of the high income and the low income groups was very highly significant (P < 0.001). In women, there was no statistically significant correlation between the prevalence of CHD and socio-economic status.
Hypertension
Hypertension is a known risk factor for the development of CHD.6 25 [32] [33] [34] [35] In the present study, men with hypertension in various age groups had significantly higher prevalence of coronary heart disease than those in normotensive groups (P <0.01). The difference in the prevalence of CHD among these two groups in women falls short of significant levels (P > 0.06). In a prevalence study which is essentially a retrospective study, this relationship may be masked by a fall in blood pressure due to myocardial infarction. The relationship has been well brought out by the prospective studies at Framingham.36 However, in the present study among 89 men with CHD, 39 (43.8%) were hypertensives and so were 15 (46.1% of 32) women with CHD.
Smoking
Among women, there were no smokers and among men, there was only a small number of heavy smokers above the age of 40 years. No correlation was found between smoking and prevalence of CHD in the small number of smokers in the vulnerable age groups.
Ci-rculation, Volume XXXVII, Physical Activity and Family History Coronary disease tends to be more frequent among persons with sedentary habits.32 37 In the present study, prevalence of CHD was highest in men with sedentary habits and not a single case was detected in men doing heavy manual work. Even among women, the difference in the prevalence between light and sedentary workers was highly significant. It is possible that physical activity may be playing a significant role in preventing the development of CHD.
A positive family history of CHD was obtained in 86 men and 61 women in the total population, but no correlation has been attempted because the history of CHD in the family will be underestimated in our population because of lack of health records, lack of medical including electrocardiographic facilities, and ignorance. In women, there is the additional factor of loss of close contact with parents and sibs after marriage.
Obesity
Evaluation of studies on the relationship of obesity and CHD is difficult because many workers have accepted overweight as evidence of obesity. Even such careful studies as those at Framingham have fallen into this error. An overweight individual may be an example of high mesomorphy and may not be obese and vice versa. Among the available methods, skinfold thickness is a good indirect measure of obesity38 and the only one applicable in a prevalence survey. Damon and Goldman39 found a close correlation between the densitometric method for fat estimation and use of subscapular and triceps skinfold thickness with the method of Pascale and associates. 7 This method has been used here for estimation of total body fat as a proportion of body weight. Higher fat content in females than in males in all age groups in the present study is as expected. But, there was no significant correlation between the subscapular and triceps skinfold thickness and CHD in women. There was a statistically significant correlation between the subscapular skinfold thickness and the prevalence of CHD in men in the age group of 30.1 to 60 years. In each age group up to 70 years men with CHD had a higher proportion of body weight as fat than those without CHD; the same was true of women between the ages of 40 and 60 years. After 60 years of age in women and 70 years in men, subjects with CHD had lower fat content probably due to acceleration of the senile loss of fat in those with CHD or elimination of those with high body fat proportion.
Other Factors
All prevalence studies of CHD are handicapped by underestimation since they cannot record those who no longer exist due to death, sudden or more gradual, as a result of CHD.
Out of 89 men with probable CHD, 11 gave a definite history of myocardial infarction, 20 of angina pectoris, and three of both. Only 34 gave a definite history of CHD though this must depend upon the intelligence and awareness of the patient as well as medical, electrocardiographic, and hospital facilities used by him. Fifty-five out of 89, that is, 62% of the men had clinically silent CHD though 45 of 89 had electrocardiographic changes of definite myocardial infarction (Higgins and associates'6 probable group). Among women, out of 32 cases of probable CHD (after eliminating the 10 in the 30to 40-year age group and three in the 40to 50year group with probable persistent juvenile pattern), only six gave a definite history of angina pectoris and two of myocardial infarction though nine showed changes strongly suggestive of the latter; 27 of 32, that is, 88% had silent coronary heart disease. These figures are much higher than in the Framingham study40 though that is not unexpected. Furthermore, history of myocardial infarction was present only in one of four symptomatic women, but in men it was present in about half the subjects with symptoms. Here, again, though angina pectoris seems more common in women and myocardial infarction in men, the difference is not as striking as it was in the Framingham studies.4' This may be due more to the difference in the awareness of the disease and particularly of angina pectoris among the two population groups than to a real difference in the natural history of the disease.
